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5. Forecasting Results

For more information about model performance and skill,
and final calibration results, see the technical summary
reports available on climate.pnptc.org

Stream Temperature Results
Figure 7. (below) Projected median daily streamflow
changes in study area. These are projections for the RCP 8.5
scenario for 2070-2099 as compared to the historical 60-yr (19512010) modeled base period for the river outlets of select
watersheds. Black lines are the historical 60-yr (1951-2010)
modeled median; red lines are the ensemble projection; shaded
gray region is the ensemble range.

The DHSVM, developed at the University of Washington and
Pacific Northwest National Laboratory, uses meteorological and
spatially distributed physical data to simulate a water and energy
balance at the pixel scale of a digital elevation model (Figure 3;
Wigmosta et al., 1994).
The model predicts snowpack
evolution, evapotranspiration, soil infiltration and storage,
saturated subsurface flow, and surface runoff, for each pixel
over a user-defined time step. For this project, we used a grid
spacing of 50m and a 3-hour timestep.
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Figure 2. Meteorological/climatological
forcings grid spacing.
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Figure 8. (above) Maximum mean weekly stream
temperatures (°C) in study area watersheds for a median
year in the period 2070-2099 under the RCP 8.5 warming
scenario.

Table 1 (below). Seasonal streamflow
changes by mean watershed elevation
Low Flows (5th Percentile)

3. Modeling Tools
Distributed Hydrology Soil Vegetation Model
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For this project, 10 GCMs suitable for the Pacific Northwest were
used as future climate forcings. Bias corrections that were applied
to the Livneh historical meteorology were also applied to the
MACA future climate grids to maintain internal consistency.
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Calibration simulations were forced with publically available
statistically derived gridded surface data developed by Livneh et al.
(2013; Figure 2). Forecasts were forced with downscaled climate
projections developed using the multivariate adaptive constructed
analogs method (MACA; Abatzoglou and Brown, 2012). The
MACA downscaled data incorporates 20 general circulation
models (GCMs) under RCP4.5 and RCP8.5 forcing scenarios and
uses the Livneh meteorological grids for the training dataset.
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2. Climate Inputs
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Figure 6 (below). Percent projected median
seasonal streamflow changes by watershed.
These are projected changes for the RCP 8.5
scenario for 2070-2099 compared to the historical
60-yr (1951-2010) modeled base period.
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A) Locations of stream flow, stream temperature,
and SWE observations used in calibration.
B) Stream temperature calibration results for the
low-elevation Chimacum Creek watershed.
C) A subset of modeled historical SWE compared to
observed SWE results at the Mt. Crag SNOTEL site.
D) Example of median daily modeled streamflows
compared to historical observed median daily flows
for 2001-2010.
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Streamflow Results

Figure 1
A) Study Area Watersheds in northwestern
Washington State
B) Study Area Elevation Classes
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Presented here are select streamflow and stream temperature forecast results for both high-relief snowmelt driven
watersheds and the low-lying rain-dominated watersheds in the Hood Canal and Strait of Juan de Fuca region
through the end of the 21st century (Figure 1). Topography and watershed relief play an important role in western
Washington hydrology and these examples of
.
hydrological forecasts show how climate change
impacts can vary within a similar geographic region.
This project is a crucial first step to help the JKST and
PGST tribes better understand how to guide fisheries
managers, help protect critical habitat in these
ecosystems, and better adapt to the potential changes
under a variety of climate scenarios.

7-day Average Daily Max Stream Temperatures: 2004-2010
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The Port Gamble S’Klallam (PGST) and Jamestown S’Klallam (JKST) tribes, along with other local and regional
entities in Northwest Washington State, rely heavily on salmon and steelhead populations for subsistence and for
local economies. Study area watersheds contain critical salmon and steelhead spawning habitat that will
potentially be negatively impacted by climate variability and change. While some regional hydrologic modeling
studies have been carried out in Western Washington, few fine-scaled watershed models have been applied to
assess the potential changes to streamflow and stream temperature under climate change scenarios for these areas.
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Figure 5. Selection of calibration results
throughout the study area.
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4. Model Calibration
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1. Introduction and Objectives

Daily Snow Water Equivalent: 2008-2010

RBM Stream Temperature Model
The RBM framework (Yearsley, 2009,
2012) makes use of disaggregated
hydrologic and meteorological output
from the DHSVM hydrology model to
predict stream temperature along each
stream segments within the watershed
at sub-daily timesteps (figure 4).

Mean Elevation (ft)

Fall

Winter

Spring

Summer

< 1000 (n=5)

17.03%

27.47%

1.52%

-6.27%

1000 - 2000 (n=4)

14.42%

31.72%

-7.92%

-9.80%

> 2000 (n=5)

-1.36%

63.51%

7.31%

-56.35%

Median Flows (50th Percentile)

Darker reds/oranges indicate largest flow decreases while
darker blues indicates largest increases. Fall is defined as
Sep-Nov, winter is Dec-Feb, spring is Mar-May, and
summer is Jun-Aug.

Mean Elevation (ft)

Fall

Winter

Spring

Summer

< 1000 (n=5)

6.61%

19.07%

-0.64%

-10.17%

1000 - 2000 (n=4)

5.13%

25.16%

-10.87%

-15.47%

> 2000 (n=5)

-10.58%

62.69%

11.73%

-62.77%

High Flows (95th Percentile)
Mean Elevation (ft)

Fall

Winter

Spring

Summer

< 1000 (n=5)

4.29%

9.41%

-2.08%

-10.59%

1000 - 2000 (n=4)

8.61%

12.86%

-7.33%

-11.59%

> 2000 (n=5)

-3.09%

52.15%

11.06%

-61.63%

1951-2005

2070-2099

Days of Exceedance

Historical

RCP 4.5

RCP 8.5

> 100

11 (0.6%)

70.6 (4.1%)

161.1 (9.4%)

> 80

16.1 (0.9%)

145.1 (8.5%)

213.2 (12.5%)

> 60

37.2 (2.2%)

179.6 (10.5%)

285.2 (16.7%)

> 40

67.7 (4.0%)

208.2 (12.2%)

345.1 (20.2%)

> 20

125.7 (7.4%)

260.5 (15.2%)

415.6 (24.3%)

> 10

135 (7.9%)

291.2 (17%)

470.2 (27.5%)

*Total modeled stream reach length for study area is 1708.9km

Table 2. (above) Length of stream network that exceeds a
16°C 7-day average daily max temperature from 2070-2099
(in km and as a percentage of total study area stream
length). The days of exceedance indicates the number of days
in which these segments are likely to have temperatures
greater than the 16°C 7DADMax threshold.

6. Discussion

Figure 3. Input grids for the DHSVM

Figure 4. RBM Stream temperature
conceptual model modeling framework

Topography plays an important role in the hydrology of the Hood Canal and Strait of Juan de Fuca area watersheds, and in the impacts that climate change might have on both streamflow
and stream temperatures. High relief rain-snow watersheds that have historically relied upon snowpack to support spring and summer streamflow are projected to be impacted the greatest
by a warming climate. As the atmosphere warms, winter precipitation becomes more rain dominated, thus reducing the snowpack and subsequently the water storage for later in the spring
and summer months. Low elevation stream systems, which are already rain-dominated, are not impacted as much in these scenarios. Stream temperatures, however, are likely to increase
significantly in both high and low elevation areas, with a greater proportional change in the upper reaches of high-relief watersheds. Results from this study highlight the need to take into
account local topography and not just general climate trends when making natural resources management decisions for the future. PNPTC Tribes are particularly concerned with the
impacts that both streamflow and stream temperature changes may have on salmonids in their natal streams. Please see climate.pnptc.org for more details and to download the full
technical summary reports.

